ABSTRACT: The article describes fungicide-free ecologically tolerant technologies for the protection of potato and tomato against Phytophthora infestans (Mont.) de Bary, agent of late blight of these crops. It has been proved that potato cultivars with field resistance (Lugovskoy) provide a protection level comparable to the effectiveness of modern fungicides. Plant extracts from Southern plants can be used as biopesticides in order to additionally suppress the development of late blight. For example, extracts of four species from Yemen (fam. Asteraceae: Psiadia arabica Jaup and Spach; fam. Lamiaceae: Lawsonia inermis L ; Dodonea viscos L ; Euryops arabicus Steud. ex Jaub and Spach ) were capable of suppressing late blight development on potato.
INTRODUCTION
Currently, application of fungicides is a true method for the protection of harvest in all areas producing potato and tomato. However, at least two problems already strongly disturb large-scale development of this. First of all, we Зборник Матице српске за природне науке / Proc. Nat. Sci, Matica Srpska Novi Sad, № 120, 135-144, 2011 are facing an increase in the resistance of populations of late blight agent oomycete Phytophthora infestans (Mont.) de Bary to both systemic and even protective fungicides (S m i r n o v, 2010). Other problem is connected to agroecology. Fungicide residuals in agricultural production can be dangerous for human generation though we have no true information on the relation between fungicide application and frequency of the most important human diseases.
Of course, anti-resistant strategies and development of decision support systems (DSS) are very helpful for fungicide application (S c h e p p e r s , 2005). However, they do not fully solve aforementioned problems. Additional measures need to be elaborated for potato and tomato ecologically tolerant cropping.
Objective of this study is to test some fungicide-free approaches and technologies for the protection of potato and tomato against late blight. The role of field resistance of potato cultivars, plant growth regulator, plant extracts, and viral immunization was elucidated.
MATERIALS AND METHODS

Determination of field resistance of potato cutivars. The investigation was conducted in Moscow Region (Russia).
Disease frequency (DF) and index of disease severity (DS) was calculated as follows (P o p k o v a, B i c h e n k o v a, 1969, with additions): DF = n·100% / N; DS = ∑(ai·bi)100% / 5N, where: n -number of affected plants, aibi -sum of magnifications of number of affected plants (ai) at corresponding range (bi): [the smallest range -0 (absence of affection), 1 -0.1-10% of plant was affected, 2 -11-25% of plant was affected, 3 -of plant was affected, 4 -of plant was affected, 5 (the biggest range) -90-100% of plant was affected], N -total number of affected and healthy plants.
Index of presence of zoosporangia (IZ) was calculated as described in Smirnov, Kuznetsov (2009) .
Index of aggressiveness (IA) of field P. infestans population at certain cultivar was calculated as follows:
IA= (DF · DS · IZ) / 10 000. For all plants in a plot of a certain cultivar index of field resistance of cultivar (IFRC) was calculated as follows: IFRC = (1/IA) • 100 IFRC<10.0 -cultivar in general susceptible; 10.1-25.0 -cultivar weakly resistant; 25.1-50.0 -cultivar moderately resistant; 50.1-100.0 -cultivar resistant; > 100.0 -cultivar hyperresistant. According to the Latvian method of V. A. G a u e r (1965) biological effectiveness of application of cultivar with field resistance (BECFR) was calculated as follows: In order to estimate the efficiency of plant growth regulators and plant extracts against P. infestans, 6 components of aggressiveness were used for potato tuber discs, already described in previous investigations (T o o l e y et al., 1986; K a d i s h and C o h e n, 1988; S m i r n ov, 2010): Infection Frequency (IF), Lesion Area (LA), Sporulation Capacity (SC), Incubation Period (IP), Latent Period (LP), and Composite Aggressiveness Index (CAI). CAI was calculated as follows:
CAI was determined for all variants (treatment with tested substance or without it).
For plant growth regulators, all tests indicated suppression of P. infestans (strong or weak), absence of effect, and stimulation of P. infestans (strong or weak) were calculated and summarized in the table. For this, growth of mycelium (vegetative stage), formation of zoosporangia and zoospores, CAI (asexual stage), and formation of oospores (sexual stage) were estimated.
Determination of effectiveness of viral immunization of tomato. Two field trials and one laboratory test were carried out.
In the field trial of 2008 suppressed tomatoes preliminary vaccinated (inoculated) with attenuated strain of tobacco mosaic virus (TMV), as well as those that were not vaccinated, were planted in the plot. The weather conditions were wet and favorable for the late blight development.
In the field trial of 2010 normal tomatoes preliminary vaccinated (inoculated) with attenuated strain of tobacco mosaic virus (TMV) and not vaccinated tomatoes were planted in the plot. The weather conditions were abnormally hot and dry, which caused suppression of late blight development.
For late blight development estimation in all variants, indexes IZ, IO (S m i r n o v and K u z n e t s o v, 2009), DF, DS, and IA (current investigation) were calculated.
In the laboratory test, for leaflets from preliminary vaccinated (inoculated) tomatoes with attenuated strain of tobacco mosaic virus (TMV), and for leaflets from non vaccinated plants, aforementioned features IF, LA, SC, IP, LP, and CAI were determined.
Statistical analysis. Comparison of variants was conducted according to the LSD05 value that was determined by means of software STRAZ, developed at the Russian Agrarian University.
RESULTS
Effectiveness of field resistance of potato cultivar in comparison with
fungicides. Majority of tested cultivars did not manifest any level of field resistance to late blight (Table 3) . Almost all Dutch and many Russian cultivars were susceptible. It was interesting that cultivar Sante moderately resistant in Western Europe was highly susceptible to late blight under conditions of Moscow Region. A few cultivars demonstrated different level of field resistance, such as Russian cultivars Udacha and Lugovskoy. Some cultivars (Vetraz from Belarus) were resistant (Table 3) .
Fungicides Shirlan and Rydomil gold MZ were effective against late blight, with effectiveness of about 80-100% on susceptible cultivar Sante (Table 4). However, the effectiveness of field resistance of cultivar itself was about 70%. It was less than in the case of Shirlan and Rydomil gold MZ variants, but much more than in the case of variants with other fungicides, Copper oxichloride and Amistar. Also, it should be emphasized that the effectiveness of fungicide application on the resistance of cultivar Lugovskoy was low in comparison with field resistance and had no principal role for its protection against late blight (Table 4) .
Effectiveness of plant growth regulators. In the majority of tests no true effect of plant growth regulators Laryxin, Novosil, and Terpenol was revealed. Also, in many cases suppression of P. infestans development (especially formation and activity of zoospores) was observed ( (Figure 1 ). Extracts from other species were fully, or almost ineffective at suppression of late blight development on potato tuber slices.
Effectiveness of viral vaccination. In 2008, both vaccinated and control tomato plants were strongly affected with late blight. Vaccinated plants were much weaker and P. infestans developed on them even more than in untreated control plants (Table 6 ). In 2010, due to abnormally dry and hot weather, late blight was suppressed in all variants. Vaccinated plants developed normally and looked even better than the tomato plants in control. Development of early blight was slightly suppressed on vaccinated plants but it was a very short-termed effect.
In laboratory tests preliminary vaccination with TMV virus did not prevent late blight development on tomato leaflets after artificial inoculation with P. infestans isolates (Table 7) . In comparison with the unvaccinated leaflets, vaccination led to increased Incubation Period, as well as increased Composite Aggressiveness Index after the inoculation. 
DISCUSSION
Our trials and experiments have estimated a possible role of fungicide-free ecologically tolerant technologies for the protection of potato and tomato against late blight. However, they are not that effective as fungicides. In order to provide at least diversification of protective measures in large-scaled potato cropping by means of ecologically tolerant technologies, it is necessary to use biopesticides of plant origin based on plant extracts. They are also less effective than chemical fungicides. Furthermore, an additional link, which could along with field resistance provide a sufficient protective effect in order to get a harvest, should be made.
On the other hand, not all tested technologies were effective for the suppression of P. infestans. Application of plant growth regulators is appealing but it does not always guarantee desirable effect. In spite of proved cases of P. infestans suppression, pathogen development stimulation has rarely been detected. Neutral effects can also be shifted. It is related to the fact that terpene and flavonoid substances participate in different ways in chains of a secondary metabolism. For example, there are some metabolism activities which can promote synthesis of sterines needed for P. infestans, while others can block its synthesis. This is the main reason why plant growth regulators do not provide certain effect for potato protection against late blight (D e r e v y a g i n a et al., 2007) .
Vaccination of tomato with tobacco mosaic virus did not provide protection sufficient enough for tomato late blight. Virus definitely promoted a cascade of protective measures, such as synthesis of PR proteins, proteinase in-hibitors, and phytoalexines (D y a k o v et al., 2001 ). In general, viability level of tomato plant increased. However, it took a lot of energetic potential. In the case of absence of stress factors the situation is normal and the virus can be in a latent form. But in the case of a pathogen attack or plant weakness related to stress the tomato plant is not be able to react in a proper way and virus becomes rather harmful for the plant. This explains all our obtained results (especially high values of CAI and IA for vaccinated tomato leaflets) on viral preliminary vaccination directed at late blight suppression. Therefore, it is probably better to use elicitors obtained from virions instead of non attenuated viral strains.
Thus, it is necessary to carry out the elaboration of fungicide-free approaches to the protection of potato and tomato against late blight, and combination of cultivars with field resistance and biopesticides should be a promising decision for the countries of Eastern Europe. This technology, which is in accordance with ecological criterion, should be additionally elaborated and tested for potato and tomato cropping. Опи са не су еко ло шки при хва тљи ве тех но ло ги је, без при ме не фун ги ци да, за за шти ту кром пи ра и па ра дај за од Phytophthora infestans (Mont.) de Bary, аген са ко ји про у зро ку је пла ме ња чу ових кул ту ра. По твр ђе но је да сор те кром пи ра по се-ду ју ни во от пор но сти (Lugovskoy) ко ји се мо же упо ре ди ти са мо дер ним фун ги-ци ди ма. Екс трак ти ју жних би ља ка се мо гу упо тре би ти као би о пе сти ци ди ка ко би се до дат но су збио раз вој пла ме ња че. На при мер, екс трак ти че ти ри вр сте би-ља ка из Је ме на (по ро ди ца Asteraceae: Psiadia arabica Jaup и Spach; по ро ди ца Lamiaceae: Lawsonia inermis L; Dodonea viscos L; Euryops arabicus Steud. Jaub и Spach) су ус пе ле да су зби ју раз вој пла ме ња че на кром пи ру.
На су прот то ме, ре гу ла то ри ра ста би ља ка, Но во сил (ак тив но је ди ње ње три-тер пен ске ки се ли не), Larixin (ак тив но је ди ње ње ди хи дро квер це тин) и Тер пе нол (ак тив но је ди ње ње три тер пен ске ки се ли не), упр кос пе ри о ди ма ви со ке ефи ка сно-сти у спре ча ва њу пла ме ња че, не да ју за до во ља ва ју ћи ре зул тат из раз ло га што ове суп стан це по не кад иза зи ва ју раз вој па то ге на. Вак ци на ци јом па ра дај за ду ван-ским мо за ич ним ви ру сом мо гло би се по бољ ша ти иму но ло шко ста ње би ља ка у нор мал ним усло ви ма, док у стре сним усло ви ма биљ ке сла бе и мо гу да бу ду за ра-же не са P. infestans.
У ис точ ној Евро пи, тех но ло ги је без при ме не фун ги ци да, ко је се при ме њу ју за за шти ту па ра дај за и кром пи ра од пла ме ња че, а у скла ду са еко ло шким кри те-ри ју ми ма, тре ба ло би до дат но про у чи ти и те сти ра ти на овим кул ту ра ма.
